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1. Introduction
Transitivity is one of the most important properties in topological dynamics, and it attracts a lot of attention, see [1–18].
There are several distinct deﬁnitions of transitivity appearing in different works. For spaces with some “nice” properties,
these deﬁnitions are equivalent. For example, in [14], for compact metric spaces, the authors listed sixteen equivalent
conditions of transitivity. However, for general topological spaces, these deﬁnitions may not be equivalent. In [8], the authors
studied the relation between the existence of a dense orbit and topological transitivity, and proved that these two notions
are equivalent for “thick” complete metric spaces with countable bases. In [13], the relation between topological transitivity
and strong transitivity was discussed.
In this paper we will investigate several known deﬁnitions of transitivity and discuss the relation between these deﬁ-
nitions. Let Z+ and N be the sets of nonnegative integers and positive integers, respectively. For any topological space X ,
denote by C0(X) the set of all continuous maps from X to itself, and F(X) the set of all maps (not necessarily continuous)
from X to X . In the study of topological dynamics, one mainly considers continuous maps. However, in this paper, the maps
are not restricted to be continuous if some dynamical properties hold for all maps. For any f ∈ F(X), let f 0 = idX be the
identity map on X . For n ∈ N, let f n = f ◦ f n−1 be the composition of f and f n−1. For n ∈ Z+ , f n is called the n-iteration
of f . The orbit of a point x ∈ X under f , denoted by O (x, f ), is the set {x, f (x), f 2(x), . . .}. A point y ∈ X is called an ω-limit
point of x under f if for any k ∈ N and any neighborhood U of y there exists integer n > k such that f n(x) ∈ U . The set of
all ω-limit points of x under f , denoted by ω(x, f ), is called the ω-limit set of x.
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tive”.
Deﬁnition 1.1. Let X be a topological space. A map f ∈ F(X) is said to be
(1) orbit-transitive if there exists x ∈ X such that the orbit closure O (x, f ) = X ;
(2) strictly orbit-transitive if there exists x ∈ X such that O ( f (x), f ) = X ;
(3) ω-transitive if there exists x ∈ X such that ω(x, f ) = X ;
(4) open-set-transitive if for any non-empty open sets U and V in X , there exists k ∈ N such that f k(U ) ∩ V = ∅.
We see that (1) of Deﬁnition 1.1 is adopted in [6] and [17], (2) of Deﬁnition 1.1 is adopted in [10] and [11], (3) is adopted
in [2], and (4) is adopted in [3,5,7,12]. In this paper we will discuss the relations between these transitivities. Our main
results are
(A) For any topological space X, each strictly orbit-transitive map f ∈ F(X) is orbit-transitive (Proposition 2.1), and each ω-
transitive map f ∈ F(X) is strictly orbit-transitive and open-set-transitive (Propositions 3.1 and 5.1).
(B) For any topological space X, each strictly orbit-transitive map f ∈ C0(X) is ω-transitive and open-set-transitive (Propositions
3.2 and 5.2).
(C) For any topological space X without quasi-isolated points, each orbit-transitive map f ∈ F(X) is strictly orbit-transitive and
open-set-transitive (Propositions 2.7 and 4.1).
(D) Let X be a topological space with a countable base. If X is partially compact and pseudo-regular, or X is partially completable,
then each open-set-transitive map f ∈ C0(X) is ω-transitive (Proposition 5.7).
2. Strict orbit-transitivity and orbit-transitivity
Let X be a topological space and f ∈ F(X). A point x ∈ X is called a transitive point of f if the orbit O (x, f ) is dense
in X . By deﬁnitions, the following proposition is trivial.
Proposition 2.1. For any topological space X and any f ∈ F(X), it holds that
(1) if f is strictly orbit-transitive then f is orbit-transitive;
(2) f is orbit-transitive if and only if f has a transitive point;
(3) f is strictly orbit-transitive if and only if there exists a point x ∈ X such that f (x) is a transitive point of f .
We now discuss when the orbit-transitivity and the strict orbit-transitivity are equivalent. Let A be a subset of X . Recall
that a point x ∈ A is called an isolated point of A if there is a neighborhood U of x in X such that U ∩ A = {x}.
Deﬁnition 2.2. A point x in a topological space X is called a quasi-isolated point of X if there exists a dense subset A of X
such that x ∈ A and x is isolated in A.
Example 2.3. Let Y = [0,1] and let the topology on Y be
T = {[0, t): t ∈ (0,1]}∪ {∅, Y }.
Then 0 is a quasi-isolated point of Y since {0} is a dense subset of Y . But 0 is not an isolated point of Y . In addition, since
inf(A) = 0 for any dense subset A of Y , it follows that Y has no quasi-isolated point other than 0.
Lemma 2.4.
(1) Every isolated point of a topological space X is quasi-isolated.
(2) A point x ∈ X is a quasi-isolated point of X if and only if Int({x}) = ∅ (where {x} is the closure of the one-point set {x}, and Int({x})
is the interior of {x} in X ).
(3) X has no quasi-isolated points if and only if, for any non-empty open subset U of X, every dense subset of U contains at least two
points.
Proof. (1) is trivial, by Deﬁnition 2.2.
(2) If x is a quasi-isolated point of X , then there is a dense subset A of X and an open neighborhood U of x such that
A ∩ U = {x}. Noting {x} ∪ A − {x} = A = X and A − {x} = A − U ⊂ X − U , we have {x} ⊃ U and Int({x}) ⊃ U = ∅.
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dense subset of X since A = {x} ∪ X − V ⊃ V ∪ (X − V ) = X . This means that x is a quasi-isolated point of X .
(3) If X has a quasi-isolated point x, then, by (2) of this lemma, the one-point set {x} is a dense subset of the non-empty
open set Int({x}). Conversely, if there is a non-empty open subset U of X and a point x ∈ U such that {x} is dense in U ,
then by (2) of this lemma, x is a quasi-isolated point of X . 
From Example 2.3 and (1) of Lemma 2.4 we see that “quasi-isolated point” is a more general concept than “isolated
point”. However, the following lemma shows that, for T1-spaces, these two concepts are equivalent.
Lemma 2.5. Let X be a T1-space. Then a point x ∈ X is an isolated point of X if and only if x is a quasi-isolated point of X .
Proof. By (1) of Lemma 2.4 we need only to show the suﬃciency. Assume that x is a quasi-isolated point of X . Then it
follows from (2) of Lemma 2.4 that Int({x}) = ∅. Since X is a T1-space, one has {x} = {x}. Thus {x} = Int({x}) is an open set,
and hence x is an isolated point of X . 
Lemma 2.6. Let X be a topological space without quasi-isolated points and f ∈ F(X). Then, for any given n ∈ N, a point x ∈ X is a
transitive point of f if and only if f n(x) is a transitive point of f .
Proof. By induction, we may consider only the case that n = 1. Since O (x, f ) ⊃ O ( f (x), f ), it suﬃces to show the necessity.
Assume that x is a transitive point of f . Then, for any non-empty open set U in X , by (3) of Lemma 2.4, U − {x} is also
a non-empty open set. Thus there exists k ∈ N such that f k(x) = f k−1( f (x)) ∈ U − {x} ⊂ U . This means that f (x) is also a
transitive point of f . 
From Lemma 2.6 we obtain the following proposition at once.
Proposition 2.7. Let X be a topological space without quasi-isolated points, and f ∈ F(X). Then the following three conditions are
equivalent:
(1) f is orbit-transitive;
(2) f is strictly orbit-transitive;
(3) the set of transitive points of f is dense in X.
By Proposition 2.7 and Lemma 2.5, we have the following.
Corollary 2.8. Let X be a T1-space without isolated points, and f ∈ F(X). Then f is orbit-transitive if and only if f is strictly orbit-
transitive.
Corollary 2.8 cannot be generalized to T1-spaces (even to compact metric spaces) having isolated points, nor to T0-spaces
having no isolated points. In fact, we have the following two examples.
Example 2.9. Let X = {1/n: n ∈ N}⋃{0} ⊂ [0,1], with the usual metric. Then X is a compact metric space having isolated
points. Let f ∈ C0(X) be deﬁned by f (0) = 0 and f (1/n) = 1/(n+ 1) for all n ∈ N. Then f is orbit-transitive but not strictly
orbit-transitive.
Example 2.10. Let X and f ∈ C0(X) be as in Example 2.9. Let Y = [0,1] and the topology T on Y be as in Example 2.3.
Then Y and the product space X × Y are compact T0-spaces having no isolated points. Deﬁne F ∈ C0(X × Y ) by
F (s, t) = ( f (s), t), for any (s, t) ∈ X × Y .
Then F is orbit-transitive since the orbit O ((1,0), F ) is dense in X × Y , but F is not strictly orbit-transitive.
3. Strict orbit-transitivity and ω-transitivity
Since ω(x, f ) ⊂ O ( f (x), f ) is always true, we ﬁrst have
Proposition 3.1. For any topological space X, each ω-transitive map f ∈ F(X) is strictly orbit-transitive.
Proposition 3.2. Let X be a topological space and f ∈ F(X). If f is continuous, or X has no quasi-isolated points, then f isω-transitive
if and only if f is strictly orbit-transitive.
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x ∈ X such that
O
(
f (x), f
)= X . (3.1)
Case 1. If f is continuous, then, for any n ∈ N, f n is continuous. Consider any open neighborhood U of x. It follows
from (3.1) that there exists k ∈ N such that f k(x) ∈ U , and there is an open neighborhood U1 of x such that f k(U1) ⊂ U .
By (3.1), there is an n1 ∈ N such that f n1 (x) ∈ U1. Let k1 = k+n1. Then we have { f k(x), f k1 (x)} ⊂ U . Continuing this process,
we get a sequence of integers k < k1 < k2 < · · · such that { f k(x), f k1 (x), f k2 (x), . . .} ⊂ U . This means x ∈ ω(x, f ). Since f
is continuous, one has f (ω(x, f )) ⊂ ω(x, f ), and hence O (x, f ) ⊂ ω(x, f ). Noting that ω(x, f ) is a closed subset of X , we
obtain ω(x, f ) ⊃ O (x, f ) ⊃ O ( f (x), f ) = X . Thus f is ω-transitive.
Case 2. If X has no quasi-isolated points, then, by Lemma 2.6, all points in the orbit O (x, f ) are transitive points of f .
Thus, for any y ∈ X , any neighborhood U of y in X , and for any n ∈ N, there exists k  n such that f k(x) ∈ U . This implies
that y ∈ ω(x, f ). Hence we have ω(x, f ) = X , i.e. f is ω-transitive. 
In Proposition 3.2, the condition “ f is continuous, or X has no quasi-isolated points” cannot be removed. In fact, we
have the following example.
Example 3.3. Let the product space X × Y be the same as in Example 2.10 (note that the topology T on Y = [0,1] is given
in Example 2.3). Let f ∈ C0(X) be the same as in Example 2.9. Deﬁne a map F1 ∈ F(X × Y ) by, for any s ∈ X ,
F1
({s} × (0,1])= {(s,0)}, and F1(s,0) =
(
f (s),0
)
.
Then the orbit O (F1(1,1), F1) = O ((1,0), F1) is dense in X × Y , and hence F1 is strictly orbit-transitive. But F1 is not
ω-transitive, since ω((s, t), F1) ∩ ({1} × Y ) = ∅ for all (s, t) ∈ X × Y . In addition, F1 is not open-set-transitive either, since
there exist non-empty open sets V = {1} × Y and U = X × Y − V in X × Y such that Fn1(U ) ∩ V = ∅ for all n ∈ N.
4. Orbit-transitivity and open-set-transitivity
In [17] and [8] the authors studied the relation between orbit-transitivity and open-set-transitivity, and obtained the
following propositions respectively.
Proposition A. ([17, Theorem 1]) Let X be a T2-space without isolated points. Then every orbit-transitive map f ∈ C0(X) is open-set-
transitive.
Proposition B. ([8, Proposition 1]) Let X be a topological space such that, for any non-empty open subset U of X, every dense subset
of U contains inﬁnitely many points. Then every orbit-transitive map f ∈ F(X) is open-set-transitive.
Since every T2-space X having no isolated points satisﬁes the condition in Proposition B, and since C0(X) ⊂ F(X), it
follows that Proposition B is a generalization of Proposition A.
We now present a proposition from different point of view.
Proposition 4.1. Let X be a topological space having no quasi-isolated points. Then every orbit-transitive map f ∈ F(X) is open-set-
transitive.
Proof. Let x be a transitive point of f . For any non-empty open sets U and V in X , there exists n ∈ Z+ such that f n(x) ∈ U .
By Lemma 2.6, f n+1(x) is also a transitive point of f . Thus there exists k ∈ Z+ such that f k( f n+1(x)) ∈ V . This means that
f k+1(U ) ∩ V = ∅, and hence, f is open-set-transitive. 
Remark 4.2. If a dense subset W of some open set U contains inﬁnitely many points, then W certainly contains at least
two points. Hence, by (3) of Lemma 2.4, a topological space X satisfying the condition in Proposition B must have no quasi-
isolated points. Therefore, on the surface, Proposition 4.1 is a generalization of Proposition B. However, we can also prove
that a topological space X having no quasi-isolated points must satisfy the condition in Proposition B. Thus Proposition 4.1
is in essence equivalent to Proposition B.
By Proposition 4.1 and Lemma 2.5 we get the following corollary, which is a generalization of Proposition A.
Corollary 4.3. Let X be a T1-space without isolated points. Then every orbit-transitive map f ∈ F(X) is open-set-transitive.
Similar to Corollary 2.8, Corollary 4.3 cannot be generalized to T1-spaces (even to compact metric spaces) having isolated
points, nor to T0-spaces having no isolated points, see Examples 2.9 and 2.10.
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Proposition 4.1 states that, on topological spaces having no quasi-isolated points, every orbit-transitive map is open-set-
transitive. Actually, in Proposition 4.1, if the condition “orbit-transitive map” is strengthened to “ω-transitive map” or to
“strictly orbit-transitive continuous map”, then the restriction “having no quasi-isolated points” on space X can be repealed.
Proposition 5.1. For any topological space X, each ω-transitive map f ∈ F(X) is open-set-transitive.
Proof. Take a point x ∈ X such that ω(x, f ) = X . For any two non-empty open sets U and V in X , there exist a positive
integer m and sequence of positive integers n1 < n2 < n3 < · · · such that f m(x) ∈ U and { f ni (x): i ∈ N} ⊂ V . Take i ∈ N such
that ni >m, then we have f ni−m(U )
⋂
V ⊃ { f ni (x)} = ∅. This means that f is open-set-transitive. 
As a direct corollary of Propositions 5.1 and 3.2, we obtain
Proposition 5.2. For any topological space X, each strictly orbit-transitive map f ∈ C0(X) is open-set-transitive.
From Example 3.3 we also see that, in Proposition 5.2, the condition “ f ∈ C0(X)” cannot weaken to be “ f ∈ F(X)”.
We now discuss the inverse problem: when will an open-set-transitive map be orbit-transitive, or strictly orbit-transitive,
or ω-transitive? There are some known answers to this problem. For example, in [17] and [8], the authors obtained the
following
Proposition C. ([17, Theorem 2], [8, Proposition 2]) Let X be a complete metric space with a countable base. Then every open-set-
transitive map f ∈ C0(X) is orbit-transitive.
In [5], the authors showed the following proposition, which was also mentioned in [12].
Proposition D. ([5, Proposition VI.39]) For any compact metric space X, a map f ∈ C0(X) is open-set-transitive if and only if it is
ω-transitive.
In order to give some more general conditions of an open-set-transitive map being ω-transitive (and hence, being strictly
orbit-transitive), we propose the following concepts. Recall that a topological space X is said to be regular if for any x ∈ X
and any open neighborhood U of x there is an open neighborhood V of x such that the closure V ⊂ U .
Deﬁnition 5.3. A topological space X is said to be pseudo-regular if for any non-empty open set U in X there is a non-empty
open subset V of U such that V ⊂ U .
A topological space X is said to be partially compact and pseudo-regular (resp. partially completable) if there exists a non-
empty open subset U of X such that the closure U of U in X is a both compact and pseudo-regular subspace of X (resp. U
is homeomorphic to a complete metric space).
It follows from the deﬁnitions that each regular space is pseudo-regular. We now give an example of spaces which are
pseudo-regular but have no regular subspaces containing interior points.
Example 5.4. Let the subsets Xn (n ∈ Z+) of the plane R2 be
X0 =
{
(r,0) ∈ R2: 0< r < 1}, and
Xn =
{(
k/2n,1/2n
) ∈ R2: k = 1,3, . . . ,2n − 1}, for n ∈ N.
Let X =⋃∞n=0 Xn . Deﬁne the projection p : X → R by p(r, s) = r for any (r, s) ∈ X . Let B be such a family of subsets of X :
B = {Uabc: 0 a < b 1, and c > 0} ∪
{
Uabcx: c > 0, x ∈ X − X0, and 0 a < p(x) < b 1
}
,
where Uabc = {(r, s) ∈ X: a < r < b, 0 s < c}, and
Uabcx =
(
Uabc −
{(
p(x),0
)})∪ {x}.
Then there is a unique topology T on X such that B is a base for T . Obviously, we have
Claim 1. (X, T ) is a T1-space and has a countable base, which is a countable subfamily of B. But (X, T ) has no subspace which is T2
and contains a interior point.
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Claim 2. (X, T ) has no regular subspace containing a interior point.
Claim 3. (X, T ) is a pseudo-regular space.
Proof of Claim 3. Let U be a non-empty open set in (X, T ). Then there exist 0 < a < b < 1 and c > 0 such that Uabc ⊂ U .
Take n ∈ N and take irrational numbers α,β such that 1/2n < c, a < α < β < b and [α,β] ∩ p(⋃ni=1 Xi) = ∅. Then Uαβc is
a non-empty open subset of U , and, in X , the closure Uαβc = Uαβc ∪ {(α,0), (β,0)} ⊂ U . Hence (X, T ) is a pseudo-regular
space. 
Claim 4. Let 0 < a < b < 1, c > 0, and let Xabc = {(r, s) ∈ X: a  r  b, 0 s  c}. Then Xabc is a compact subset of (X, T ), and
Uabc = Xab1 .
Proof of Claim 4. Let L[a,b] = {(r,0) ∈ X : r ∈ [a,b]}. Then the subspace L[a,b] of (X, T ) is homeomorphic to the usual
compact interval [a,b]. Let U be an open cover of Xabc . Then U has a ﬁnite subfamily {U1,U2, . . . ,Um} covering L[a,b],
and there exists γ ∈ (0, c] such that Xabγ ⊂⋃mi=0 Ui . Since Xabc − Xabγ is a ﬁnite set, U also has a ﬁnite subfamily covering
Xabc . Thus Xabc is compact. In addition, Uabc = Xab1 is evident. 
Note that each metric space is a T2-space. From Claims 1, 3 and 4 we see that the topological space (X, T ) in Example 5.4
has a countable base and is partially compact and pseudo-regular, but it is not partially completable. Conversely, there also
exists a complete metric space which has a countable base but has no compact subset containing interior points.
Example 5.5. Let NN be the set of all inﬁnite sequence of positive integers. Deﬁne a metric d on NN and a projection
pn : NN → Nn (n ∈ N) by, for any x = (k1,k2, . . .) and y = (m1,m2, . . .) ∈ NN with x = y,
d(x, y) = max{2−i: i ∈ N, and ki =mi
}
, and pn(x) = (k1, . . . ,kn).
Then (NN,d) is a complete metric space. Let Un = {p−1n (w): w ∈ Nn}, and U =
⋃∞
n=1 Un . Then U is a countable base for the
topology of (NN,d), and each U ∈ U is a both open and closed subset of (NN,d), but no U ∈ U is compact. Hence (NN,d)
has no compact subset containing interior points.
We now return to the discussion on open-set-transitivity and ω-transitivity. First we introduce a lemma, which gives an
equivalent condition for a continuous map to be open-set-transitive, and which has not been listed in [14].
Lemma 5.6. For any topological space X, a map f ∈ C0(X) is open-set-transitive if and only if, for any n ∈ N and for any non-empty
open sets U and V in X, there exist k n and a non-empty open set W ⊂ U such that f k(W ) ⊂ V .
Proof. It suﬃces to show the necessity since the suﬃciency is clear. Suppose that f ∈ C0(X) is open-set-transitive, n ∈ N,
and U and V are non-empty open sets in X . Then there exists kn ∈ N such that f kn (U ) ∩ V = ∅. Let Vn = f −kn (V ) ∩ U .
Then Vn is a non-empty open subset of U and f kn (Vn) ⊂ V . Similarly, for i = n − 1,n − 2, . . . ,1, there exist ki ∈ N and a
non-empty open set Vi ⊂ U such that f ki (Vi) ⊂ Vi+1. Let W = V1 and k =∑ni=1 ki . Then k n and f k(W ) ⊂ V . 
We now present a proposition, which is a generalization of Proposition C.
Proposition 5.7. Let X be a topological space with a countable base. If X is partially compact and pseudo-regular, or X is partially
completable, then every open-set-transitive map f ∈ C0(X) is ω-transitive.
Proof. Let {Vn: n ∈ N} be a countable base for the topology of X . We may assume that, for any i ∈ N, the set
{ j ∈ N: V j = Vi} is an inﬁnite set. Take a non-empty open set U in X such that the closure U is compact and pseudo-
regular, or is homeomorphic to a complete metric space. Let W0 = U and k0 = 1. By Lemma 5.6, for n = 1,2, . . . , there exist
a non-empty open set Wn ⊂ Wn−1 and kn > kn−1 such that f kn (Wn) ⊂ Vn .
Case 1. If U is compact and pseudo-regular, then we may assume that Wn ⊂ Wn−1.
Case 2. If U is homeomorphic to a complete metric space, then we may assume that (1) there exists a metric d on U
such that (U ,d) is a complete metric space, and the topology induced by d is just the topology on U as a subspace of X ;
(2) the diameter diam(Wn) 2−n , and Wn ⊂ Wn−1 still holds.
Let Y =⋂∞n=1 Wn . Then, both in Case 1 and in Case 2, we have Y =
⋂∞
n=1 Wn = ∅, and ω(x, f ) = X for any x ∈ Y . Thus
f is ω-transitive. Proposition 5.7 is proved. 
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tion 3.1, under the conditions of Proposition 5.7, every open-set-transitive map f ∈ C0(X) is strictly orbit-transitive.
Example 5.9. Let ϕ : [0,1] → [0,1] be the tent map, deﬁned by ϕ(t) = min{2t,2 − 2t} for all t ∈ [0,1]. Let X = P (ϕ) be
the set of all periodic points of ϕ , with the usual metric. Then ϕ|X : X → X is open-set-transitive but not orbit-transitive.
Thus the condition “X is partially compact and pseudo-regular, or X is partially completable” in Proposition 5.7 cannot be
removed.
Example 5.10. Let Y = [0,1]∞ . Deﬁne a metric d on Y by, for any x = (x1, x2, . . .) and y = (y1, y2, . . .) ∈ Y , d(x, y) =
sup{|xi − yi |: i ∈ N}. Then (Y ,d) has no countable base. It is well known that a metric space has a countable base if and
only if it has a countable dense subset. Hence no f ∈ F(Y ) is orbit-transitive. However, let Φ ∈ C0(Y ) be deﬁned by, for any
(x1, x2, . . .) ∈ Y , Φ(x1, x2, . . .) = (ϕ(x1),ϕ(x2), . . .), where ϕ : [0,1] → [0,1] is the tent map. Then Φ is open-set-transitive.
From this example we see that, in Proposition 5.7, the condition “X has a countable base” cannot be removed either.
6. Conclusions
Summing up the main results obtained above, we have the following diagram.

 













ω-transitivity Strict orbit-transitivity
Open-set-transitivity Orbit-transitivity
(C.1) Prop. 3.1
(C.2) or (C.3) Prop. 3.2
(C.4)
Prop. 5.7
(C.1)
Prop. 5.1
(C.1)
Prop. 2.1
(C.3)
Prop. 2.7
(C.3) Prop. 4.1
(C.4) Prop. 5.7 with
Props. 3.1 and 2.1
(C.2) or (C.3)
Prop. 5.2
(C.4)
Props. 5.7 and 3.1
In this diagram, the conditions (C.1), (C.2), (C.3) and (C.4) are as follows:
(C.1) For any topological space X , for any f ∈ F(X).
(C.2) For any topological space X , for any f ∈ C0(X).
(C.3) For any topological space X without quasi-isolated points, for any f ∈ F(X).
(C.4) For any topological space X with a countable base which is partially compact and pseudo-regular, or is partially
completable, for any f ∈ C0(X).
From the diagram we can obtain some propositions on the equivalence of deﬁnitions of transitivities. For example, we
have
Proposition 6.1. (1) If X is a partially compact and pseudo-regular or partially completable topological space which has a countable
base, then, for all continuous maps of X , the open-set-transitivity, the ω-transitivity and the strict orbit-transitivity are equivalent.
(2) Furthermore, if X has no quasi-isolated points, then the above three transitivities and the orbit-transitivity are equivalent.
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